All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

Modern humans have occupied and used the Congo Basin forests for at least 50,000 years. Evidence of Pygmy culture dates back more than 20,000 years. Pygmies are the largest group of nomadic or semi-nomadic indigenous hunter--gatherers in sub-Saharan Africa, found exclusively within the main forest blocks in the Congo Basin \[[@pone.0161703.ref001],[@pone.0161703.ref002]\]. Today, these traditional hunter-gatherers have complex, multi-generational relationships with farmers, exchanging forest products for starch-rich foods and access to manufactured goods. In contrast, some 29 million non-indigenous people, comprising more than 150 distinct Bantu and non-Bantu peoples \[[@pone.0161703.ref003]\], overlap with Pygmies. For both Pygmies and non-Pygmies, bushmeat, along with fish, is a traditional food staple and a significant protein source. However, the importance of wild meat in the diets of these forest dwellers varies considerably depending on modes of procurement but also on the availability of supply. The latter is dependent on the structure and composition of the forest ecosystems themselves as well as on the intensity, duration and periodicity of timber and non-timber resource extraction, including hunting.

The conservation of biodiversity within tropical forest areas whilst taking into account the needs of human communities is still much debated. The dispute essentially falls around whether conservation projects and policies should prioritize biodiversity and landscape protection, or poverty alleviation and sustainable human livelihood improvement. Ultimately, the underlying issue focuses on the real or potential impacts that people have on biodiversity and the degree to which benefits and costs of conservation should be shared \[[@pone.0161703.ref004]--[@pone.0161703.ref007]\]. In its simplest form, the debate has separated those who advocate people-free or 'fortress conservation' \[[@pone.0161703.ref008]\] and those in favor of people-centered conservation \[[@pone.0161703.ref009]\]. Nonetheless, conservation today encompasses a spectrum of approaches, which vary in the degree to which they balance objectives of biodiversity conservation with those emphasizing human livelihoods \[[@pone.0161703.ref007], [@pone.0161703.ref010]\].

Those aiming at the protection of tropical forest biodiversity have historically followed two general approaches, one aimed at safeguarding wild species and natural systems (by establishing parks and other protected areas), and the other by promoting restraint in the harvest and consumption of wild species and their products \[[@pone.0161703.ref011]\]. This latter approach can occur under a variety of participatory forest management mechanisms such as forest co-management, community forestry, and other forms of Community Based Natural Resource Management (CBNRM) such as those customary forest management regimes recognized by National Governments.

Both approaches affect people's access to natural resources, either by denying them the opportunity to use certain areas (as in protected areas), or by reducing their harvest levels. In so doing, conservation actions can conflict with other ethical obligations, by curtailing, for instance, the ability of some people to make a living, an obligation and a core right recognized in the Universal Declaration of Human Rights \[[@pone.0161703.ref012]\]: ''Everyone has the right to a standard of living adequate for \[their\] health and wellbeing".

Often, the goals of animal conservation and the needs of indigenous peoples wishing to use wildlife as a food resource, bushmeat, are not always compatible. This lack of concordance in goals is particularly urgent given the increasing debate over the conflict between protected areas in the Congo Basin and the needs of local people \[[@pone.0161703.ref013],[@pone.0161703.ref014]\]. Though analyses of resource use conflicts between forest peoples and protected area managers in specific localities are informative, basin-wide analyses of wildlife extraction levels by indigenous and non-indigenous groups can allow us to better understand existing and future incompatibilities between subsistence and large-scale commercial hunting. Commercial hunting is an economic activity involving hunting as a way of life, final purchasers or consumers, and often a chain of middlemen. Such levels of hunting have increased significantly due to rapid human population growth, socioeconomic change, infrastructure development and technological improvements \[[@pone.0161703.ref015]\]. A wide variety of terrestrial vertebrates are consumed as bushmeat, with ungulates, rodents and primates constituting the majority \[[@pone.0161703.ref016]\]. Estimates for bushmeat harvested across the Congo Basin range from 1 million t Yr^--1^ \[[@pone.0161703.ref017]\] to over 4.5 million t Yr^--1^ \[[@pone.0161703.ref018], [@pone.0161703.ref019]\]. Such levels of harvesting are deemed unsustainable; estimates suggest wildlife extraction is occurring at more than 6 times the sustainable rate \[[@pone.0161703.ref020], [@pone.0161703.ref021]\].

In this paper, we use a comprehensive compilation of hunting studies quantifying terrestrial vertebrate kills brought into Pygmy and non-Pygmy settlements in the Congo Basin. We first explain the differences between hunter groups in the composition of wild species hunted and provide evidence that non-Pygmy hunters differ significantly from Pygmy hunters. We then quantify extraction levels per unit area of the two hunter groups and model the distribution of hunting pressure throughout the Congo Basin region. Finally, we discuss the extent to which hunting by Pygmies and non-Pygmies can be defined as sustainable, and how the conservation objectives of the protection of biodiversity in Central Africa can be made compatible with the needs of indigenous and non-indigenous peoples.

Methods {#sec002}
=======

Study Site Selection Criteria {#sec003}
-----------------------------

Data on animal kill records for Pygmy and non-Pygmy hunters were compiled from the literature, and unpublished studies. The following selection criteria were used in amassing these studies: (1) tropical forest within the distribution range of Pygmies (according to Olivero et al. \[[@pone.0161703.ref022]\]) was the predominant vegetation type within the hunting catchment area; (2) the number of individuals and identification of all species brought to the settlement surveyed were available; and (3) settlement size (number of inhabitants in the settlement at the time of the study) and the number of hunters involved in the study was available.

Study Settlements {#sec004}
-----------------

We compiled game harvest data from 34 hunting studies involving Pygmy camps and other settlements and another 26 studies on hunting by non-Pygmies ([Fig 1](#pone.0161703.g001){ref-type="fig"}; [S1 Table](#pone.0161703.s001){ref-type="supplementary-material"}). The Pygmy sample encompassed studies representing Baka/Aka/Efe groups from Cameroon (n = 16), Republic of Congo (n = 3), Central African Republic (n = 2) and Democratic Republic of Congo (n = 13). Non-Pygmy studies included non-Pygmy groups from Cameroon (n = 21), Republic of Congo (n = 1), Central African Republic (n = 1), Gabon (n = 1) and Equatorial Guinea (n = 2).

![Location of Pygmy and Non-Pygmy sites considered in this study.\
Locality numbers refer to game harvest profiles listed in [S1 Table](#pone.0161703.s001){ref-type="supplementary-material"}.](pone.0161703.g001){#pone.0161703.g001}

Although ecoregions varied across sites, the predominant vegetation in all study sites was Lower Guineo-Congolian forest. This type of forest extends from the coast of the Atlantic Ocean in the west to the mountains of the Albertine Rift in the east and spanning nearly 7 degrees north and south of the equator \[[@pone.0161703.ref023]\].

Game Harvest Profiles {#sec005}
---------------------

From each study, we documented the number of individual animals of reptiles, birds and mammals hunted in Pygmy and non-Pygmy settlements ([S2 Table](#pone.0161703.s002){ref-type="supplementary-material"}). We excluded from the analyses those taxonomic entries with uncertain definitions (e.g. 'small squirrels'). For all species, we adopted nomenclature in the IUCN Red List \[[@pone.0161703.ref024]\]. Common and scientific names of all recorded species are also given in [S2 Table](#pone.0161703.s002){ref-type="supplementary-material"}.

We also extracted information on the duration of each study, during which hunting data was logged, as well as the number of hunters responsible for the hunts. We also recorded proportion of hunted prey sold. We use the latter as a measure of dependence on bushmeat within the studied settlement, where higher proportions of bushmeat sold may suggest a greater emphasis on the commercialization of hunting to supply larger markets, including towns and cities \[[@pone.0161703.ref019]\].

For each species, we used the mean body weight available for male and female adults of each taxon from the literature in order to standardize comparisons between sites. This was necessary because weights of individual carcasses (or the aggregate biomass of all dressed or undressed carcasses of a given species) were not provided in several studies. Body mass data were extracted from Kingdon et al. \[[@pone.0161703.ref025]\] for all mammalian orders, from Dunning \[[@pone.0161703.ref026]\] for birds, and from L. Luiselli (pers. comm.) for reptiles.

Using body mass data and number of individual animals hunted, we estimated the mean body mass of mammals harvested within each study site. We focus on mammals because this class of vertebrates is by far the most important for both hunter groups in this study. We used the mean body mass as a proxy of species composition; a drop from larger to smaller species may indicate a process of defaunation of a habitat \[[@pone.0161703.ref027]\].

Estimation of Harvest and Extraction Rates {#sec006}
------------------------------------------

Hunting methods will affect extraction levels since traditional capture devices such as bows, crossbows and nets result in different selectivities that cannot be easily compared with kills obtained from modern weapons such as cable snares and firearms. Although there were records of the variety of hunting methods used by the different groups, we did not have sufficient data to determine the influence of these on prey selection. Despite this caveat, we argue here that because Pygmies and non-Pygmies diverge considerably in their hunting practices, the latter concentrating more on snare hunting and use of firearms \[[@pone.0161703.ref016]\], our comparison of game profiles of the two hunter groups allows us to contrast the broad patterns of game harvest between them.

By employing those studies that specified: 1) the type and number of prey taken, 2) the length of time during which the data were collected and 3) the number of people linked to the hunting recorded, we calculated a harvest rate, similar to Redford and Robinson \[[@pone.0161703.ref028]\], for each game species: $$Harvest\ rate = \frac{no.\, of\ animals\ killed}{no.\, of\ potential\ consumers\ x\ duration}$$ in which number of potential consumers includes both hunters and non-hunters, and duration of the study is measured in years. This index measures per capita yield (kg P^-1^ Yr^-1^) of game animals for the average person in a community in one year.

To calculate extraction rates per hunter, we divided the number of animals recorded in each study by the number of hunters in the settlement and by the number of study days. We also computed extraction rates per species per unit area (km^-2^) by first calculating the territory size for each settlement from the relationship between territory size (km^-2^) and size of human settlements, as indicated in Hoare \[[@pone.0161703.ref029]\]. Settlement size and territory size are significantly and positively correlated (*y* = 0.6945*x* + 1.1409; *R*² = 0.44, *p* = 0.00, n = 32).

Animal biomass extracted per hunter or per unit area was determined for each study site by using the product of the body mass for every hunted species ([S2 Table](#pone.0161703.s002){ref-type="supplementary-material"}) and the calculated harvest and extraction rates.

Because of the relatively small number of days (3--10 days) sampled in adjacent Ituri Pygmy settlements (Sites 22--34), we summed the numbers and biomass of prey taken in these sites to obtain an overall harvest and extraction rate. In Sites 45--53, number of days sampled per settlement was also low (7--12). However, for these cases, we used the reported sample days as done in Bobo et al \[[@pone.0161703.ref030]\].

Impact on Species {#sec007}
-----------------

As a measure of impact on the more threatened species, we recorded the number of species hunted by each hunter group that appeared as Critically Endangered (CR), Endangered (E), or Vulnerable (V) in the IUCN Red List \[[@pone.0161703.ref024]\].

We assessed the possible impact of Pygmy and non-Pygmy hunters on hunted mammal species from the harvest rates derived for each settlement. We determined the proportional number of individuals of all species hunted in each settlement according to each species' fecundity rate. We used the calculated intrinsic rate of increase (*r*~max~) from Fa et al. \[[@pone.0161703.ref031]\] to categorize each species into low (0--0.25), medium (0.25--0.50) and high fecundity (\>0.50) classes.

We assessed the relation between mean body mass of hunted mammals and the average human population density around each site to assess whether larger prey corresponded with less disturbed areas and whether these differences were related to hunter group. We used human population density as a proxy of anthropogenic pressure within a 20-km radius around each site, as in Fa et al. \[[@pone.0161703.ref032]\]. Human population density data was obtained from the LandScan™ 2008 High Resolution (1 km^2^) Global Population Data Set (copyrighted by UT-Battelle, LLC, operator of Oak Ridge National Laboratory).

Mapping Potential Bushmeat Consumption {#sec008}
--------------------------------------

Bushmeat consumption was mapped by combining georeferenced information on human population with our estimations of average harvest rate (kg) per person using [Eq 1](#pone.0161703.e001){ref-type="disp-formula"} Human population/km^-2^ with respect to Pygmy groups was estimated according to the environmental favourability model for Pygmy occurrence proposed by Olivero et al. \[[@pone.0161703.ref022]\]. We calculated the Pygmy potential population size (PPS) for every grid cell of the study area (0.1° × 0.1°), according to favourability values in Olivero et al. \[[@pone.0161703.ref022]\]. From this, the Pygmy population density was computed using the following equation, taking territoriality into account: $$Population\ density = \frac{PPS\ x\ GCS}{GCS} = \frac{PPS}{ATS}$$ where GCS is the size of a grid cell, and ATS is the average territory size estimated for Pygmy settlements (i.e. 1,079 km^2^, see Olivero et al. \[[@pone.0161703.ref022]\]).

For non-Pygmies, we estimated the rural population density by combining two data sources: (1) human population density, calculated utilizing the LandScan™ 2008 High Resolution (1 km^2^) Global Population Data Set (copyrighted by UT-Battelle, LLC, operator of Oak Ridge National Laboratory); and (2) urban areas, taken from MODIS 500-m Map of Global Urban Extent, produced using data circa 2001--2002 \[[@pone.0161703.ref033], [@pone.0161703.ref034]\]. We then calculated average population density values within 0.1° × 0.1° grid cells. Bushmeat consumption per grid cell was finally calculated by multiplying population density by the average harvest rate per person as estimated above. Pygmy and non-Pygmy populations were treated separately.

Total potential consumption of bushmeat in Central African forests by Pygmy and non-Pygmy populations was computed by multiplying the resulting harvest rates for each hunter group by the surface-area of every grid. We then summed the resulting values in all grids within the forest area, defined by forest classes (1 to 5) of the MODIS Collection 5 Global Land Cover Map \[[@pone.0161703.ref035]\]. All spatial analyses and representations were performed using the software ArcGIS 10.3.

Statistical Analyses {#sec009}
--------------------

All means are given with their associate standard deviations (SD). We employed one sample t-tests to compare means between hunter groups.

Results {#sec010}
=======

General {#sec011}
-------

Pygmy settlements (villages along logging roads as well as familial forest camps) examined here had on average 91.9 inhabitants (S.E. = 24.3, range = 8--690, n = 33. Non-Pygmy settlements, all villages, were larger (882.4 ± 311.0 inhabitants, range = 35--6594, n = 22). Average length of studies was 66.2 ± 13.7 days (range = 3--368 days) for Pygmies, and longer (279.6 ± 54.4 days, range = 7--1020 days) for non-Pygmies. Percentage number of hunters in Pygmy settlements was 32.2 ± 3.7% (range = 0--79.1%, n = 31), and lower in non-Pygmy ones (24.3 ± 6.5%, range = 0.6--100%, n = 31).

Sale of hunted game varied significantly between the two hunter groups (*p* = 0.03); on average 34.8 ± 6.4% (range = 0--90%, n = 26) of the hunted game in Pygmy settlements was sold, whereas significantly more prey (65.4 ± 19.8%, range = 11--95.3%, n = 24) was commercialized in non-Pygmy settlements. For both hunter groups, there was no correlation between the proportion of animals sold and human population density (*p* = 0.50). In those Pygmy sites where no trade was recorded (n = 11) human population density varied from a minimum of 0.9 inh. km^-2^ to 140.8 inh. km^-2^. However, there was no difference between mean human population densities of sites where no bushmeat was traded and those sites where prey were sold (*p* = 0.08).

Only Pygmy hunters used traditional hunting methods (bows and arrows, crossbows, nets, spears, vine traps), documented in 67% of the Pygmy studies considered here. Spear hunting was recorded in 49% of the settlements, net hunting in 33%, use of traditional traps in 33%, and bow and arrow in 30%. Cross bow use was documented in only one study. Cable snares were, however, common to 64% of the settlements but shotgun hunting was only documented in 15% of the sites. Use of machetes or capture by hand of less mobile prey (e.g. tortoises, python and pangolins) was typical in 18% of the settlements. Non-Pygmy hunters used only cable snares and shotguns.

We recorded a total of 859 hunters active in Pygmy settlements, who were responsible for 4,069 animals killed in 2,250 study days--a total of 3,450,512 hunter-days. By contrast, our survey included less non-Pygmy hunters (n = 660), who together killed 52,611 animals in 6,812 study days; 4,380,245 hunter-days.

Game Harvest Profiles {#sec012}
---------------------

Pygmies and non-Pygmies hunted a total of 123 species in our study; 1 amphibian (0.80%), 11 reptiles (8.9%), 21 birds (17.1%) and 90 mammals (73.2%). Out of these, 48 species were common to both groups; 2 birds (4.44%), 39 mammals (86.67%) and 4 reptiles (8.9%). Species could not always be compared directly because hunter groups were found in distinct faunistic regions of the Congo Basin. Hence, some harvested species occurred only in the eastern sites and others exclusively in western sites, e.g. the Weyn's duiker *Cephalophus weynsi*, and the closely related Peter's duiker *Cephalophus callipygus*, respectively. Equally, there were species limited to Cameroon, Equatorial Guinea, CAR and northern Congo that were not distributed in the east. For instance, some primates were typical of the far western forest region (e.g. black colobus *Colobus satanas*, drill *Mandrillus leucophaeus*, moustached guenon *Cercopithecus cephus*, greater white-nosed monkey *Cercopithecus nictitans*), while other species are endemic of the far eastern forest region (e.g. l\'Hoest\'s Monkey *Cercopithecus lhoesti*).

The contribution made by the different animal groups varied significantly between hunter groups ([Fig 2](#pone.0161703.g002){ref-type="fig"}). Pygmy hunters killed a total of 77 species of terrestrial vertebrates; 62 mammals (74.2%), 8 birds and 7 reptiles. Non-Pygmy hunters took more species; 97 in total, of which 71 were mammals, 17 birds, 8 reptiles and 1 amphibians. Diversity of hunted species, as indicated by the Shannon index, was higher for non-Pygmies (2.1 ± 0.1; range 0.9--2. 5) than for Pygmies (1.7 ± 0.1; range 1.6--2.8). Species dominance values for hunted species were also higher for non-Pygmies (8.8 ± 0.6, range 4.9--16.1) than for Pygmies (6.0 ± 0.6, range = 2.5--11.6).

![Stacked bar graphs, with sites sorted according to the numbering in [Fig 1](#pone.0161703.g001){ref-type="fig"}, of the percentage contribution made by the different taxonomic animal groups hunted by Pygmies and non-Pygmies.](pone.0161703.g002){#pone.0161703.g002}

Among mammals, ungulates were the most hunted group by Pygmies (76.1%) and non-Pygmies (53.7%). Significant differences between both hunter groups also were observed in the percentage of rodents (Pygmies-- 13.7%; non-Pygmies-- 22.0%), primates (Pygmies-- 4.3%; non-Pygmies-- 16.7%) and carnivores (Pygmies-- 2.7%; non-Pygmies-- 3.3%) hunted.

Prey items ranged widely in both hunter groups, from Zenker\'s pygmy anomalure *Anomalurus zenkeri* (17 g) to forest elephant *Loxodonta cyclotis* (1742 kg) in the case of Pygmies, and from the 20g crested chameleon *Trioceros cristatus* to the forest elephant for non-Pygmies. As shown in the overall distribution of prey species body mass ([Fig 3](#pone.0161703.g003){ref-type="fig"}), potential prey items smaller than 1 kg were rarely taken by Pygmy hunters, who concentrated primarily on larger mammals.

![Size distribution of forest vertebrate kills harvested by Pygmies (n = 34 studies) and Non-Pygmies (n = 26), in terms of the (log~10~-transformed) body mass (in grams) of all recorded whole carcasses (adults and juveniles) of animal species (Pygmies = 71 spp.; Non-Pygmies = 122 spp.) hunted by each hunter group.](pone.0161703.g003){#pone.0161703.g003}

For mammal species alone, the mean body mass of species hunted by Pygmies was significantly larger (14.2 ± 13.5 kg) than for non-Pygmies (8.3 ± 2.4 kg). The between-site variation in mean body mass was larger in Pygmy sites (range = 2.7--68.6 kg) than in non-Pygmy sites (range = 3. 9--14.2 kg). For both hunter groups ([Fig 4](#pone.0161703.g004){ref-type="fig"}), mean body mass was negatively correlated with human population density (*R* = -0.26, *p* = 0.05). However, the trend was steeper for Pygmy sites (*R* = -0.40, *p* = 0.02) but positive in non-Pygmy sites (*R* = 0.41, *p* = 0.04).

![Relationship between mean body mass of mammals hunted in Pygmy and non-Pygmy sites and human population density in 20-km buffers around each site.\
Human population density is used here as a proxy for anthropogenic pressures in each study site.](pone.0161703.g004){#pone.0161703.g004}

Harvest and Extraction Rates {#sec013}
----------------------------

Per capita harvest rates calculated separately for all Pygmy and non-Pygmy sites ([Table 1](#pone.0161703.t001){ref-type="table"}) showed that there were almost twice as many hunted animals per inhabitant in non-Pygmy sites but no significant difference in prey biomass per inhabitant was found between hunter groups. Likewise, the number of animals taken per hunter in non-Pygmy settlements was also significantly higher than in Pygmy sites. However, in biomass terms, Pygmy hunters took as much as non-Pygmy ones.

10.1371/journal.pone.0161703.t001

###### Per capita harvest and extraction rates for Pygmy and non-Pygmy settlements.

![](pone.0161703.t001){#pone.0161703.t001g}

                                              Harvest rates[^a^](#t001fn001){ref-type="table-fn"}   Extraction rates[^b^](#t001fn002){ref-type="table-fn"}                   
  ------------------------------------------- ----------------------------------------------------- -------------------------------------------------------- --------------- -----------------
  **Pygmies**                                                                                                                                                                
  N sites                                     23                                                    22                                                       22              21
  Mean (SD)                                   20.4 (23.2)                                           376.3 (515.1)                                            87.9 (109.9)    1646.6 (2095.7)
  Min                                         0.1                                                   1.5                                                      0.9             24.5
  Max                                         76.8                                                  1740.6                                                   404.6           8183.7
  **Non-Pygmies**                                                                                                                                                            
  N sites                                     26                                                    26                                                       26              26
  Mean (SD)                                   39.5 (66.9)                                           307.0 (450.6)                                            162.0 (123.6)   1283.9 (1004.2)
  Min                                         0.0                                                   0.3                                                      3.1             24.6
  Max                                         298.0                                                 1859.6                                                   456.3           4944.9
  *p*[^c^](#t001fn003){ref-type="table-fn"}   0.10                                                  0.32                                                     0.01            0.23

^a^ P = person

^b^ H = hunter

^c^ *p* values are from one-tailed t tests comparing values for Pygmies and non-Pygmies.

Extraction rates of above 1 animal H^-1^ Yr^-1^ were recorded for 21 and 18 species for non-Pygmy and Pygmy hunters respectively ([S2 Table](#pone.0161703.s002){ref-type="supplementary-material"}). However, for Pygmies, the highest average extraction rates were typical for only two species, the Peter's duiker (38.0 ± 58.0 animals H^-1^ Yr^-1^) and the blue duiker (32.3 ± 37.0 animals H^-1^ Yr^-1^). For non-Pygmy hunters, extraction rates were highest for the blue duiker (54.0 ± 51.3 animals H^-1^ Yr^-1^), followed by the bay duiker (17.3 ± 16.5 animals H^-1^ Yr^-1^). Differences in extraction rates for the blue duiker for the two hunter groups were significant (*p* = 0.04; n = 56).

Extraction per Unit Area {#sec014}
------------------------

Numbers of animals and biomass hunted per square kilometre per year by Pygmy hunters were significantly lower than for non-Pygmy hunters. On average, a Pygmy hunter took 29.4 ± 31.0 animals km^-2^ Yr^-1^ (a biomass of 487.4 ± 670.5 kg km^-2^ H^-1^ Yr^-1^) whereas a non-Pygmy hunter killed on average 225.7 ± 187.5 animals km^-2^ Yr^-1^ (1730.1 ± 1494.4 kg km^-2^ H^-1^ Yr^-1^). The differences between the two hunter groups were significant (numbers *p* = 0.00; biomass *p* = 0.00).

Impact on Species {#sec015}
-----------------

A total of 17 species of those hunted by non-Pygmies were listed in the IUCN Red List as threatened (CR = 1, E = 4; V = 12) whereas only 9 taxa of those hunted by Pygmies were threatened (CR = 1, E = 3, V = 5).

Pygmy settlements derived a much larger proportion of their game biomass from species of medium (0.7 ± 0.2) and high (0.2 ± 0.1) population growth rates, than species with low population growth rates (0.2 ± 0.1) ([Fig 5](#pone.0161703.g005){ref-type="fig"}). By contrast, non-Pygmy settlements derived a higher proportion of the biomass harvested from species of low (0.3 ± 0.1) and medium (0.6 ± 0.2) than high (0.1 ± 0.1) population growth rates. Differences between hunter groups in the proportion of species harvested of low and medium population growth rates were statistically significant (low: *p* = 0.00; medium: *p* = 0.00) but not in the proportion of species of high population growth rates. On average, species with medium and high population growth rates accounted for 84% of the biomass harvested in Pygmy and significantly less (73%) in non-Pygmy settlements.

![Stacked bar graphs, with sites sorted according to the numbering in [Fig 1](#pone.0161703.g001){ref-type="fig"}, of the percentage contribution made by mammals of low, medium and high species population growth rate (*r*~max~) that were hunted by Pygmies and non-Pygmies.](pone.0161703.g005){#pone.0161703.g005}

For the 13 low population growth species common to both Pygmy and non-Pygmy settlements ([Fig 6](#pone.0161703.g006){ref-type="fig"}), 7 species were extracted more by Pygmies (difference 0.2 ± 0.2 animals H^-1^ Yr^-1^), the remaining 5 species were extracted more by non-Pygmies (3.1 ± 4.8 animals H^-1^ Yr^-1^).

![Differences in extraction rates (animal H^-1^ Yr^-1^) for low population growth species hunted by both Pygmies and non-Pygmies.](pone.0161703.g006){#pone.0161703.g006}

Spatial Distribution of Potential Bushmeat Consumption {#sec016}
------------------------------------------------------

The average amounts of bushmeat potentially consumed in each 0.1° × 0.1° grid cell (around 123 km^2^) in the study area were 3,758 kg (maximum 331,136 kg) for non-Pygmies and 77 kg (maximum 159 kg) for Pygmies ([Fig 7A and 7B](#pone.0161703.g007){ref-type="fig"}). Differences in harvests between Pygmies and non-Pygmies are shown in [Fig 7C](#pone.0161703.g007){ref-type="fig"}. Potential bushmeat consumption by non-Pygmies was significantly higher than for Pygmies throughout the study area, especially in southern Cameroon, northern, southern and eastern DRC, Uganda, Rwanda and Burundi. By contrast, consumption by Pygmy groups was higher than by non-Pygmies in Gabon, northern half of Congo, and scattered areas in the center and east of DRC, where non-Pygmy human populations are extremely low. Around half (46.25%) of all pixels in which Pygmies are found were in non-Pygmy areas of between 1000 and 100,000 kg km^-2^. Total annual potential bushmeat consumption was calculated as 219,044 ± 144,000 tonnes for Pygmies, and 11,619,172 ± 6,888,000 tonnes for non-Pygmy populations.

![Maps of harvest rates (kg P^-1^ Yr^-1^) for Pygmies and non-Pygmies within the Congo Basin.\
A. Non-Pygmies; B. Pygmies; C. Differences between Pygmies and non-Pygmies.](pone.0161703.g007){#pone.0161703.g007}

Discussion {#sec017}
==========

Harvest profiles obtained here used different sampling methods, including daily or weekly interviews and monitoring of hunting forays and kills brought back from the forest at the settlement or household level. Despite the variety of methods employed in the assembled studies, often involving observers of different backgrounds, including local field assistants, anthropologists, and wildlife biologists, our sample, arguably the most extensive to date, can be used to determine differences in hunting of wild animals by Pygmies and non-Pygmies. Overall, Pygmies hunted a smaller range of taxa but took a higher proportion of prey of a greater mean body mass than non-Pygmies. Harvest rates, animals per inhabitant, were almost twice as high in non-Pygmy sites than in Pygmy sites, as were extraction rates. There were no significant differences in biomass values, due to the higher body mass of species hunted by Pygmies. However, when converted to extraction per hunter km^-2^, non-Pygmy sites harvested more per unit area than Pygmy groups. Moreover, mapped bushmeat consumption across the Congo Basin indicated that non-Pygmies are likely to be responsible for 27 times more bushmeat consumed than Pygmies.

Our results clearly indicate that the two hunter groups use the wildlife resource in different ways and their hunting impact is substantially different. A partial explanation for these contrasts is related to how hunting is carried out by each hunter group. Thus, in circumstances where Pygmies are hunting for subsistence, and if not contracted by outsiders to hunt for commercial purposes \[[@pone.0161703.ref036]\], they employ more traditional projectile-type methods (bow and arrow, crossbow) or nets and spears, than snares or firearms. Thus, typically, animals hunted by Pygmies i.e. more red duikers, less primates, large rodents and carnivores, can be accounted for by the vulnerability of these species groups to the type of hunting techniques used. Prey profiles resulting from the typical net hunting practiced by the Mbuti \[[@pone.0161703.ref037]--[@pone.0161703.ref038]\], differ from that of the sympatric Efe, who do not practice net hunting, preferring bows and arrows \[[@pone.0161703.ref036],[@pone.0161703.ref039], [@pone.0161703.ref040]\]. However, the use of cable snares alongside nets for hunting as employed by the Aka \[[@pone.0161703.ref041]--[@pone.0161703.ref046]\] result in a different set of prey being hunted compared to collective spear hunting by the Baka \[[@pone.0161703.ref047],[@pone.0161703.ref048]\]. In addition to vulnerability of species to these different hunting techniques practiced by Pygmies compared to non-Pygmies, it is probable that Pygmies' ecological knowledge and hunting skills allows them to successfully target larger species. Thus, in more intact habitats, Pygmies may target a narrower range of preferred species regardless of their local abundance since larger prey yields the greatest amount of meat per unit of energy or time allocated \[[@pone.0161703.ref049]--[@pone.0161703.ref054]\]. Despite this, the number of very large prey of \>100 kg (forest buffalo, bongo, giant forest hog, okapi, and forest elephant) hunted by Pygmies was significantly lower than for non-Pygmy hunters. This observation may be explained by the use of traditional weapons by Pygmy hunters, not just because these may be preferred, but also due to their more limited access to shotguns and rifles \[[@pone.0161703.ref036], [@pone.0161703.ref049]\]. However, in situations where Pygmies are able to use guns, reported hunting success rates can be higher than for non-Pygmies. For example, in a study in northern Congo, Pygmies captured four times more medium-large ungulates as non-Pygmies using the same hunting technique \[[@pone.0161703.ref055]\].

In this paper, we argue that as anthropogenic pressures increase (defined by increasing human populations), changes in faunal assemblages are reflected in the mean body mass of animals hunted. We show here that, as expected, there is an overall negative relationship between the mean body mass of mammals hunted and human population numbers. However, there are differences between Pygmy and non-Pygmy sites. According to the data available, we show that Pygmy sites can be found in a wider variety of ecological circumstances than non-Pygmy sites, ranging from deep forest to modified habitats where human population densities are high. Non-Pygmy sites are only found in modified habitats within medium to high human population densities.

Because some Pygmy groups are still found in areas of relatively low non-Pygmy populations and presumably more intact faunas, the mean body mass of hunted mammals is appreciably larger compared to those for areas where humans are more numerous. This relationship between human population and prey depletion profiles has been demonstrated in previous studies \[[@pone.0161703.ref032]\]. Nonetheless, in areas where fauna is much depleted (inferred by the higher human numbers), recorded mean body masses in Pygmy settlements were much lower than those estimated for non-Pygmy sites. Although it is difficult to make direct comparisons, it is possible that Pygmy hunters in high human population densities may be disadvantaged because larger prey are severely depleted \[[@pone.0161703.ref036]\]. As observed in this study, the significant difference between Pygmies and non-Pygmies in the proportion of blue duikers hunted relative to red duikers may be because most Pygmy sites are situated in less disturbed areas compared to non-Pygmy sites. Blue duikers are more common in areas under continuous heavy hunting pressure, as suggested by Yasuoka \[[@pone.0161703.ref047]\], because blue duikers respond better to higher hunting pressure than red duikers, due to their overall higher intrinsic rate of population increase.

The general picture that emerges from our study is that Pygmy hunters have less impact on game animals in the Congo Basin than the more numerous, more generalist, non-Pygmy hunters. Basin-wide studies that have compared production and extraction levels for mammal species \[[@pone.0161703.ref018]\] have already indicated that bushmeat hunting may be responsible for the removal of more than twice the likely production of these species in the Congo Basin. Fa et al. \[[@pone.0161703.ref018]\] and later Nasi et al. \[[@pone.0161703.ref019]\] calculated annual extraction levels of around 5 million t Yr^--1^ of mammal meat in the Congo Basin, a figure that contrasts with the more than 11 million t Yr^--1^ for all terrestrial vertebrates estimated in the present study. At such a large geographical scale, and with the probable limitations of the available data, it is difficult to assess the accuracy of these calculations. However, despite this, our study uses similar analyses to measure hunting profiles of Pygmies and non-Pygmies, and therefore is important because it differentiates the impact of overlapping hunter groups in Central Africa. From our data, we are not able to infer whether hunting by either of the two hunter groups is sustainable. Nonetheless, studies at a more local scale, at least for the more commonly hunted duikers, suggest that hunting by Pygmies \[[@pone.0161703.ref043], [@pone.0161703.ref045], [@pone.0161703.ref056]\] and non-Pygmies \[[@pone.0161703.ref030]\] is often not sustainable. This is not unexpected since subsistence game hunting can often have profound negative effects on the species diversity, standing biomass, and size structure of vertebrate assemblages in tropical forests. This occurs mainly through local population declines, if not extirpation, of large-bodied vertebrate taxa, which make a disproportionately large contribution to non-hunted forests in terms of their aggregate biomass and role in ecosystem functioning. As a consequence of the heavier hunting pressure especially on large-bodied mammals, gradual, if not sudden, population declines can be expected for these species because they bear the brunt of the initial offtake and tend to recover slowly from a selective harvest, mainly due to low reproductive rates \[[@pone.0161703.ref055]\]. These population declines will reach a threshold whereby exploiting a greater range of smaller, less-preferred species will result in a higher return, thus shifting prey selection to these species. In addition to the potential ecological impact of a shift in hunt profile, social-cultural institutions governing the division of bushmeat can vary depending on the overall hunt harvest and prey items, meaning that divisions of meat between hunters, buyers and sellers and within households \[[@pone.0161703.ref045]\]. This combined with the loss of certain mammals with high energy content in their meat (e.g. red-river hog *Potamochoerus porcus* and giant forest hog *Hylochoerus meinertzhageni*) is likely to have a knock-on effect on those hunting groups more reliant on this food source.

Although subsistence hunters can have a negative impact on prey populations, it is the shift to commercial hunting that will have the greatest impact on the Congo Basin vertebrate fauna. Commercialization of hunting is not limited to non-Pygmy groups \[[@pone.0161703.ref056], [@pone.0161703.ref057]\], although as we have seen in our study the proportion of game sold is significantly higher than that seen in Pygmy settlements. However, the increase in consumption and value of bushmeat in many regions in Central Africa has occurred because of increased demand from urban areas. Subsistence hunting and fishing have usually not posed a significant threat to the abundant wildlife species living around rural forest communities. But as urban centres grow, the commercial bushmeat trade to supply them poses an ever-increasing threat, both to the animals of the forest and the people who have hunted them. The urbanization of most of Africa is moving quickly forward, especially south of the Sahara. While only one in 10 people lived in urban areas in 1900, almost half of all sub-Saharan inhabitants now live in towns and cities \[[@pone.0161703.ref058]\]. This demographic change has dramatically altered the way people produce and obtain their food. It places increasing pressure on food production systems, which can have far-reaching impacts, both on domesticated and wild environments. The growing number of bushmeat markets in Central Africa is a direct result of the population shift to urban centres. In urban markets, bushmeat also complements the under-supply of domestic meat sources---cattle cannot be raised in the central African forest region because of trypanosomiasis. Many recent migrants to cities who were accustomed to eating bushmeat may prefer the taste of bushmeat, consuming bushmeat as a luxury, rather than a dietary need. Others may purchase the cheapest meat available, considering bushmeat to be a normal good \[[@pone.0161703.ref059]--[@pone.0161703.ref060]\]. The burgeoning urban population fuels an ever-increasing, lucrative trade of wild animals from rural and protected areas. This trade is now the most significant immediate threat to the future of wildlife in Africa and around the world.

In other parts of the world, conservationists have used moral and ethical, as well as ecological arguments \[[@pone.0161703.ref061]--[@pone.0161703.ref063]\] to ally themselves with indigenous peoples and to promote indigenous land titling, co-management of protected areas, and use rights in protected area buffer zones \[[@pone.0161703.ref064]--[@pone.0161703.ref066]\]. Central African countries, however, do not recognize indigenous peoples nor grant them exclusive communal land and resource rights. Settlement and hunting are prohibited inside protected areas, while only customary use rights are recognized for both Pygmy and non-Pygmy peoples outside protected areas. Buffer zones or multi-use areas outside some strictly protected areas allow subsistence hunting by local residents \[[@pone.0161703.ref067]--[@pone.0161703.ref080]\].

Natural resources management can only link biodiversity conservation to the needs of local people if crucial resources are not overexploited to the point of collapse. The perceived value of the forest to indigenous people can therefore become considerably reduced as game populations are overexploited or even driven to local extinction. This study shows they generally exert less pressure on wildlife than do non-indigenous populations, therefore are more likely allies for conservationists---as indigenous groups in Latin America are. This will also strengthen the joint cause of conservationists and indigenous-rights advocacy groups for maintaining large tracts of forests against encroachment by more insidious interests, particularly commercial hunting, but also extractive industries and commercial agri-business. Further studies on the impacts of commercial hunting within and around protected areas, and of the transportation and export routes for bushmeat to urban centres are required to implement appropriate wildlife management programs that ensure the preservation of both biological and cultural diversity in the Congo Basin. As policy mechanisms to allow hunters and rural communities rights over forest and wildlife management are relatively undeveloped compared to other parts of the continent \[[@pone.0161703.ref080]\], opportunities for developing appropriate policy mechanisms or implementing existing mechanisms could be sought. It is possible that areas where a CBNRM type approach might have more traction will be in areas with relatively high proportion of Pygmy hunters in relation to non-Pygmies, and relatively low levels of commercial bushmeat extraction. Importantly, the participation of Pygmies in facilitating and participating in the hunting for a commercial pool \[[@pone.0161703.ref036]\] within CBNRM areas needs to be controlled.
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